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Technical Report No. 3 s

25X1

a. Currcnt Status of WOrk"‘- A .f

i'He following areas have: been worked on durlng the period

j\startlng February 26, 1985.

L
t

1, Target fabrication;;'éé aﬂfirst go around a tﬁ%get
contirguraticn as shawﬁ ig:?ig. 1 was adoPted. The . -
ratio between the successiﬂa targets is \ﬁ9’36f The

larpest target is 1‘1}ﬁ34m#47 The range from 1 - 1000
iines/mm then falls‘néﬁur§11y=1nto three series:

I - 10 lines/mm, 10 - 100 jines/mm, and 100 - 1000
lines/mm. Lach sgvihé is b§§kaﬁ down into the following

‘ steps.
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The first series waé f;ﬁ%igstéd in thelfbllowinéiéégQ‘:
First cne step was dﬁaﬁn cava large scale. Then this;:
was photographed, Ffem.thi§'bhotograpﬁ all the gsteps

of the first series were printed by varying the enlarge-
ment for each step.» fhgnf%his*seriea was rephotographed
and the first series Waéioﬁtained‘in negative form,

This then was ﬁrlntﬂd as a direct contact print.

The second qerles was anebmpllshed by taking the
negative of the flxst ssrles and photographing it with

a 10 to 1 reductieon, - Eﬁe optlcs useduas a wWild "YVAP"
lens, £' = 13mm, /1. g, f‘\

of the first series in the

By photographzng thﬁ pﬁ%tfifi7
same manner,  we enacd up Qath a negat1ve of the second
series. “ '

As a third step, 3@32 %ﬁ ggt an idea of the difficulties
involved, we took a nagatise of’the second series and

reduced it ten times wzth thnfsetup used to make the

second series, The 1ntbr¢gtlag part here was that we

could Pesolve 500 llsesfmmu, thaut any trouble.

The targets fabrlcatad this way are very encouraging.
For our Durnose thev are fin& up to 500 lines/mm, We
feel, however, that they éhould be improved so as to
make the phase meas&rcsinﬁa poss;ble. Therefore; the

following steps are xnitia;gd.
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a) Experiments are baing made to determine various
methods of déQélbping thé film. These methods
were discussed by Dick, a representative of the
‘ stomer, and Harold of our organ:zat on,

b) The contact print ngq#ssary to get a series one
positive is heing-eii#ﬁmatéd. The contact print
will be made at the large stage where a loss of
detail is much 1ess Q?ltlcal. Furthermore, parallel
illumination will b! usad in the printing process.

¢) In order to hold pvacise reduction factors and

locate the three &crles precxrely on one piece
of film, a mOra“accnra§a-setup is being constructed.
d) With more.preci$§Lpfdéigging-cdmbined with a better
lens, it will be_attggpted to go up to 1000 lines/mm.
2, During this periOdbah’éﬁéiéimental setup was fabricated

to give us an idea offthé’ﬁpécisiqn obtainable in this

method measuring the tﬂ@ﬁtﬁa&Afunction of the lens and

also to find the best ?§>A gf the contrast in the filters
and the necessary. frequtney,raage‘in the filters.

fter the equipment ﬁaﬁ finlshed, the first measurements
show that a contrast of 2% 1a the filters is too small.
We therefore are new:ualtang"for more filters with dif-
ferent contrasts,

After working with the instrument our overall impression

is that it will be easy ta use when dll parameters are

adjusted. :
133 T\’T“‘\V“D ;7‘(\?' ﬁx;‘-:
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3. Mathematical discussion,ngthg“aitainable precision,
Intreduction | | |
Let us first, for the sake of sihpiicity, assume that the
light distribution in the faﬁgéi'is sinusoidal. We shall

write for the intensity -in the object plane:

I =1, [1 - _VT c’os_wx] | (1)

in which V_ stands for‘tﬁi»ﬁiﬁibility of the target and
T ] - ‘
is proportinal to its line frequency,

In the image plane this 1Qad$7tb an intensity distribution

O

I' = I [l-"EV cos (e x + @J (2)
in whieh 7T is the'mbﬁﬁiqs;af £he~transfer function of the
lens under teét, and ¢ i-t:‘?s'_tpha"se shift,

The underlying idea‘of iﬁ?aﬁéiﬁgd is to use a compensation
method in determining theivaléés of't'and @ . There are

twe fundementally dlffevent yaya of doing this, The first
method consists of pra;ectxng the image (2) onto a filter

with a periedic Lransmlsszen. The‘prznc1ple of this method

is to arrange things such ﬁhat the emerging light distribution
is uniform when the préper.sefings are made, We shall call
this methodbthe multiplicétive mefhod.

The second method coﬁsists of éddiﬁg to thé image given by (2)

a second light diétributibn;‘éﬁéh that the resultant sum again

shows n#& modulation. This mathoﬂ we shall call the additive

method. - o G%UP 1 :
EXCIIDES oM vwwzx“*‘c - | -
28 ”’”‘*C"‘M G ANG DU A%l 1 ATION
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a. The Hultiplicative_Méfhoé  f - _ s
An abserpition fiitér thét;ﬁréhsfarms a sinusolidal
intensity distribution exictly‘into a uniform intensity
distripution must hgveza periodic transmission according

to
C N
1 - V'co'sa)x (3)

The F1r>t thing teo note 15 that this function is not

sinuscidai. In fact we haVe'

T p—— e fy 4 2 B ek cos nwx| (1)
Ry e T +J 1-v3) T

T can not exceed unity, hence C must not excoed 1 - V.

SO the average transmission cannot exceed

Equation (4) in itself ié'né%¥§f great importance because
we cannot expect to produce filters that are faithfully
represented by it, It is, hég@?‘r, indicative of some of
the problems associated‘wifﬁ'fﬁ;‘mU1tiplicative method,

Im multiplving two periodic functlons the harmorxcs get
"mixed." The 1mp1est case is the generation of a seecond
narmonic Ly multiplying two 31nu501dal functions. A much
more dangerous effect isg. the cbntrlbutlon to the first
harmenic in the final image_by'thersecgnd harmonic in the

cbiect

Y‘x
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For the monent we shall leave these matters aside.
We now consider a target image

sy 1 - TV ®os (wx + &) s (1
o T

and feed it through a filter with transmission

i =(I%-+V<ms(wx+f) (%)
o

we assume that the product ‘UVTV can be neplected, and

so find tor the light distribution to be observed:

. _
" oz o1 1 tVCOS{WX +@) + V coslarx +7°)
° T c

-

$1
(]
i

1 + (V cosP- TV cos @) cos wx
o T

+

s

- {V siny-TV sin(() Sinwx {(6)
] ; T

A uniform light distribution . will be observed when

\%

tt

5 vT - (7}

~y é? . i‘ ) | (8)

L]

The phase adjustment can be made by either varyinpg @
(moving the target) or varying 7 (moving the filter).
The contrast adjustment muatlbe made by varying the contrast -

of the target V_ i it does not seem feasible to vary the

filter contrast,

78B04747A
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tssuming that the limiting visibility the eve can perceive

is £ , Fquation (b) leads to:

(V cosy - TV
© ’

3

-

2 2
cos ) + (V siny-TV sing) < £ (9)
o T

This Equaticn can be solved geometrically in a pelar
coorainate diagram. The result is that we can expect the

following measuring accuracies:

E (10)

E

v
©

AlT VT)

ING 2N 2 (11)

Yrom Lquation (10) we can find the accuracy in T :

ET (12)
V

Q

AT -

Jt tollows that the relative accuracy in < 1s constant,
We observe, however, that as VT can not exceed unity, the

lewest value of T~ that can be measured 1s ecual to V

o
E. The Additive Method
We acd te the irage of the target -
I' o= ié 1 - TV cos{wx + &) (2)
T
.
a second light distribution:
-
I = I 1 + Vecos(wx +7¥) (13)
1 o g

The adc¢ition does not produce any higher harmonic

problems. The intensity distribution to be cobserved is:
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I' + 1" = It '1 - TV cos(wx = b, +
O,L T ¥
1" 1+ v
1 ] ',Ocos(au'x + V)

(1]

o, _
(r' . > - 5
ot Il) + [Ilvoccs'y Ié‘rVTco&QI X

.

ad

COS - X

- f IV sin- ItV i
Vo siny ()Z\TsanJ X

wan

Sin - x (14)

A uniform light distribution is observed when

.
v
1l 0

i

I I' v A ]
o T (15)

T .
Y o= @ ' (16)

In this case we have twc choices to make the contrast

adjustment. we can vary either the reference heam contrast V _,
; , o

or the target contrast VT. .

1) We:shdll first assume thatﬁ¥T is varied. Making the

same assumption about the €ye as in the previous section

we have:
Tt
T - 1%
IV (17)
with
T ? - ‘
AlTv) = @l vIpe,
or . .
AT = I' +« 1 (18
o 1 E T )
'I'J v
S o
GROUP 1
Pow A
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For the phase error we find:

T' ¢+ I . :
. N & D .
A (¢ - 'Y) = ‘ 1 é
T v ' (19)
1 o
LIt
The lowest T that can be measured is ,1 Vo,
. ,}.‘ o
o}

We see that the accuracies are worse than for the multipli-
caticn method. (Writing 7, for the lowest value of T
that car le measured we have:

AT : s 1 E :Z, » (72)
, 5 , TL |

[

This shows that it is profitable to make the target
bean briphter than the reference beam, and at the same
time choose Vc gquite high, The best we can do is to

b .

make v - equal to unity.. Then

o T |
L . R (1)
- .,
o )
and : o
AT 1+ T, (22)
N 7 .
er the phase accuracy we find in this case:
awg-¥y = 1ttt ¢ (23)

- TL
Sc in this optimum case the difference between the

additive and the multiplicative method is only a

factor |+ 7rL y a rather minor difference.
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So far we assumed that the target contrast was

|
2)
varied. and that the peference beam contrast was
constant, We can, howsver, also vary the contrast
of the reference beam, and leave the target contrast
constant, In that case we have again
I x v
»z— = - 1 O (zu)
I' X V
o] T
but ncw we have:
v )= a1l ) 25
Ago)(lo-le‘ (25)
which leads to:
N SR & ‘ |
At 2 —2_ Ll ¢ (26)
. I'Vm
e 1
This tirme it is possible to run into cases where
verv hipgh values cf—ﬁfﬁcannot be measured. V, can.
not exceed unity; consequently, the upper limit on T
is gpiven by:
I 1
o T
For the phase accuracy we find:
« } 1" + 1"
A(gp-p) = _o 1 = (28)
. 1! TV
- : o) T
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It is indicated to choose V,. egual to unity,

1

Louation (26) shows that I' should be as large as
o)

pos=ible compared to I!., If, however, we wisn to

1
measure out to ¥ = 1, the best we can do is to

make 1' and Il equal .

4

Summary:

mmmmmm Mdltiplicative Additive
var. Jargt. Yar. Pef.®
filrer contrast LX ' N.A, NLA,
Target! contrast Variable Variahle 1
refercnce beam contrast NJA. 1 YVariable

Reference beam int./

Target beam int. N.A, 7; 2:?
Accuracy in T S (/ + ) £ (/ + Z"r) £
[ L
Accuracv in the
. & |+ 7 &
phage (radians) & (l'f’Z') —_— ( ¢/ 5
E ) e T
i (73
Lower limit on -7 o’ -
z 7, o
Upper lirit en s 1 Tl{

o
H

C Ty will usually be chosen equal to one. Little is gained by

giving up the high 7 values,

b, Discussion ot Best Setup for Viewer Test Equipment
In all our discussions about the actual confipuration
there wac cne recurring problem. The available space
for the tarpet in viewers is usually limited to space

tor a piece of film, Any variable contrast target will

C.OoUP 1
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need more space than’tﬁi§3:n§=mattér how far we

i _ miniturize the targét'uhﬂérAthe scheme outlined in

| our proposal.

In Secticn 3, however, wéiénalysed another scheme in
comparison to the proposedjone. The additive system
has many advantages‘in thé'case of testiny viewers,
since cnly a piece of‘film has to be inserted in the
viewer to make the mgéSUfemehts.
In Fig. 2 we show a schematic outline of the additive
scheme, bection A of thxs flyure shows the viewer under
test., 1n the film plana we 1nsert a tarpet with visibility 1.
This target is 1mage§;;qfthe image plane of the viewer,
The visibility of thi§ im;ge is modified by the ¢ of
the‘viewer. We then loo? at this image with a micro-
sccpe., Lsentlallv, we mxx thl% image (with the aid of
a half-silvered mirror) g};h the image of an auxiliary
target, There has to bé;%fbvisiohs to chanpe magnifica-
tion in a limited raﬁgefigithis‘auxiliary path, Further-
"more, there has to be a éré?ision tc adiust the two imagpes
phase-wice, Ihis setup:ﬁasvadvantages other than the
fact that only a piece of film has to be inserted in
the viewing eqdipment. The visibility of the Imape
formed by the viewer is éﬁmpared to. the visibility of

the auxiliary tdrget. The optlcs in beth Lbeams viewzng

these two images are the same exceot {cr the zoom svsten.

4
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Therefore the transfer coefficient for both beams is
the same, provided we use matched objectives. (The maxi-
mum zoom range is only \&g/"fﬁ'or 1.26.)
No problems are created by the higher harmecnics being
generated, The illuminafion of the target in the auxiliary
beam is being studied further, |

5. The measurement of the phase of the transfer function
can be made by using an identical tartef in the image

phane of the microscope. (In our present setup the

filter is located in this plane.)
Experiments with this setup will be conducted in the
nedr future,

-b. Problem Areas Encountered.

No problem areas were encountered,

¢c. Projected Work for Next Momthly Period

when the filters dre received, a fﬁll inVQstigatjon'of the
best fiiter will be made combined with finding the precision
of wﬁich the equipment is capable. The meanurement of phase
will be experimentally persued. The fabric;tion of the

targets will be continued,

d. Status of Iunds LExpended

From the period of Pebruary 1, 1965 to April 23, 1365 the
sum of $1i7,111.12 was spent on subject contract. This figure
includes direct labor, materials, overhead and 7., and A.,

and tixed fee.

<TG
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e. Documentation of any verbal commlttments and/or agreements
with the Technical Representatives of the Contracting
{ficer during the reportxng_perlod

There have been verbal discussions during this period
relative to the fabrication of the filters. As soon as
the camera in our customer's laboratory is in working

order, we are promised a set of experimental f{ilters,

o : 25X1
Submitted by

/

Enclosure: Figures 1,2

Sanitized Copy Approved for Release 2011/05/26 - CIA-RDP78B04747A002000030026-9 &




I -
(T
NI o




Sanitized Copy Approved for Release 2011/05/26 : CIA-RDP78B04747A002000030026-9
i" ‘

»20«14 € imal ca a7

mool i £ied

.Sine.. -i/t./’!avﬂ» / & s

LR
IS
S

|

7 /"’ /0/"«-8:, view el

—y Do : '
» : r“b_/(c.tlak ./,55;,5 View g,

4 ' (oo i o
.A?{_ P e e Vi€ g

D é\/’ b’i'cwt tve = 3P ,"‘ .
_ e B b e Pl eSSl Ml €
/o 20T e

P s o—— },’i —— ,e" e .
: t i‘j‘; \
} - \\
A _\i\\r,';«‘ o :
L ’ e Laose - TA
B . e - :)
T ad, ust — ) o #,Jez_';:: A S
" Y .75;1 & lan ;
I J L o LS n
59(1}>'£C,Q i é&*,&bw\

: R RPN ST A . ’ PP - ) oo
Sanitized Copy Approved for Release 2011/05/26 : CIA-RDP78B04747A002000030026-9 gaaaa



